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ABSTRACT

An investigation was designed and conducted for the
purpose of evaluating the feasibility of low-dose gamma
radiation processing of shrimp at sea using the first port
able on-shipboard irradiator developed for this purpose.
The irradiation unit was installed aboard the U. S.
Bureau of Commercial Fisheries research vessel Oregon/ and
shrimping cruises were conducted in Atlantic and Gulf of
Mexico shrimping grounds.

Irradiation, handling, storage

and transportation procedures were developed which were
compatible with the nature of the product.
After irradiation and ice-storage aboard ship, the
shrimp were transported to the Louisiana State University
Department of Food Science and Technology Laboratories for
chemical, physical, microbiological and organoleptic
testing.
Results demonstrated the on-shipboard irradiated
shrimp to be superior to shrimp irradiated after icestorage of 4 days, and to the non-irradiated, iced-stored
control.
The on-shipboard irradiator was later removed from the
Oregon, and relocated at a dockside site in Grand Isle,
Louisiana.

Shrimp were purchased through commercial

channels from shrimpers who could ascertain that the pro
duct was not more than 5 hours out of the water.
vii

These

shrimp were packaged, irradiated immediately and returned
to the Department of Food Science and Technology for subse
quent testing.
A field test involving 1500 servicemen as judges was
conducted at Fort Lee, Virginia with dockside irradiated
and non-irradiated shrimp.
Results indicated that dockside irradiated shrimp,
while lower in overall quality than on-shipboard irradiated
shrimp, as measured by laboratory and sensory methods, are
superior in these attributes, and remain palatable longer
under iced-storage than shrimp receiving no radiation treat
ment.
It must be emphasized that the procedures employed for
obtaining fresh shrimp, the method of handling and storing,
and the time of holding prior to irradiation, are factors
involved in ascertaining the keeping qualities after irradi
ation.

Quality of shrimp is not improved by radiation

pasteurization, and it should be understood that only pro
ducts of high initial quality can be preserved successfully.
When these methods are employed commercially, shrimp of
inferior grade or those which have been out of the water for
several days should be sold locally as soon as possible,
and should not be subjected to irradiation treatment.

viii

INTRODUCTION

Present day marketing of shrimp has become complex
because centers of consumption are increasingly removed
from centers of production.

Maintenance of high quality in

shrimp during transit, distribution and retailing has
become a problem of increasing importance.
Gamma irradiation with doses in the 100 to 300 Krad
range has been shown to retard the growth of spoilage
organisms such as bacteria, yeasts and fungi for appreciable
periods of time (27,54).

Objectionable radiation side

effects, such as flavor change and alteration of texture and
color, are generally small and usually undetectable in the
aforementioned dose range

(35,47).

Hence, low dose radia

tion processing has been extensively considered to be a
useful tool for extending the storage life of shrimp, par
ticularly when used in conjunction with refrigerated storage
and auxiliary methods of preservation (29,38,40,46).
In order to exert its most beneficial effects, irradi
ation of shrimp must be conducted when the product is in
its freshest state, i.e., as soon as possible after catch
ing.

Irradiation cannot reverse damage which has already

occurred in the product, but it can retard its potential
deterioration.

Previous work has been done in this area,

but only with fixed irradiators located miles from coastal

1

shrimping areas.

Utilizing this technique, the shrimp as

received for irradiation may have already been in the pre
liminary stages of decomposition, and thus irradiation
could not exhibit its utmost potential.

This, no doubt,

was due to the fact that the shrimp had been out of the
water for a number of hours and had been ice-stored in the
holds of the shrimping vessel.
Experiments during the past several years at Louisiana
State University have shown that the ice-storage life of
shrimp can be extended for at least 10 days or even longer
with low dose gamma irradiation as measured by chemical,
microbiological and organoleptic criteria.
Earlier shellfish studies in these laboratories also
confirmed the belief that irradiation should take place as
soon after catching as possible, since a reduction of
microbial counts on either semi-processed or unprocessed
shellfish is obtained before the microbial load becomes
great, and before much deterioration of the product has
occurred.
The ultimate goal of these investigations was to
develop the process for use on commercial vessels while
also showing that shrimp subjected to irradiation and icestorage immediately after catching, are superior to shrimp
irradiated after decomposition has begun, and to the nonirradiated product.

This was accomplished successfully

through the use of an on-shipboard irradiator which was

installed aboard the research vessel Oregon, and later at
a dockside location.
While on-shipboard irradiation of shrimp is an expen
sive process when unit construction and installation costs
are considered, the over-all cost of this operation is
justified when the cost of shrimp in the consumer outlets
of the nation is considered.

A general survey of these

outlets has shown a selling price spread from $ 1 . 0 0 to $ 2 . 0 0
per pound.

This high selling price of shrimp can be

attributed to two factors:

the high demand in virtually

every marketing area of the United States, and the poor
keeping qualities of unprocessed shrimp.

REVIEW OF LITERATURE

Development of Radiation Pasteurization' of Foods
Radiation pasteurization of foods may be defined as
the subjection of foods to high-energy rays, usually in
doses inadequate to sterilize them, but sufficient to
enhance their refrigerated life in a wholesome condition.
This term is borrowed from the conventional mild thermal
processing of liquid foods or beverages to enhance their
keeping qualities, and to destroy non-sporeforming patho
genic microorganisms.

It should be noted that the two

processes are not comparable; therefore, the term radia
tion pasteurization, or radiapasteurization, may be mis
leading, but is not necessarily incorrect since the same
end is achieved by two different means.
Pasteurization of liquid foods and beverages origi
nated from the classical work of Louis Pasteur in the
1860's.

Pasteur demonstrated that spoilage of wines could

be prevented by mild heating of these beverages for a few
moments.

The primary goal achieved was the prevention or

retardation of spoilage.
Although there is some general relationship between
thermal resistance and radiation resistance among bacteria,
there are many exceptions; therefore, the two processes
cannot be readily compared.
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Thus far, studies on radiation

pasteurization have been concerned primarily with enhance
ment of shelf-life of foods, and there has been logic to
these a i m s , since most efforts have been devoted to foods
that would be severely damaged or altered by even minimal
thermal processing.
In the United States, much attention was paid to
radiation pasteurization of foods becuase this was con
sidered to be the most likely and imminent application of
the new technique.

However, later emphasis was placed upon

radiation sterilization of foods, because of its potential
usefulness, not only to the consumer, but for the preserva
tion of rations for the armed forces

(13).

Since some of

the problems concerning off-flavor and odor production
encountered with sterilization were not solved as quickly
as anticipated, a renewed interest appears to be taking
place with respect to radiation pasteurization.
Two dose ranges have been proposed in the literature
for the radiation pasteurization of foods.

One range is

approximately 100 to 200 Krads, and has been employed
experimentally for some of the most sensitive high-protein
foods, such as red meats.

The other range lies between 50

and 100 Krad, and has been employed for foods such as
fruits and vegetables to destroy vegetative bacteria in the
foods

(41,42).

These ranges have been established, not

upon the basis of the resistance of the indigenous flora,
but upon the relative sensitivity of the respective foods

6
to radiation damage.

Fresh beef is one of the foods most

sensitive to high energy radiations, but it is also one of
the foods in which a new preservation technique is most
needed.

Doses as low as 50 Krad result in flavor changes

that can be detected by a few trained individuals.

Doses

above 200 Krad intensify these off-flavors to such an
extent that they may become noticeable to a much higher
percentage of consumers

(9).

Unfortunately, flavor evalu

ations depend upon subjective methods, and therefore it is
difficult to establish a practical upper dose limit.

At

present, there are four major categories of radiation treat
ment used in food preservation:
1.

Sprout inhibition;

2.

Insect de-infestation;

3.

Pasteurization; and

4.

Sterilization.

Sprout inhibition is best obtained in root crops when
doses of 7.5 Krad are given followed by storage of the
tubers at 41°F. and 85% relative humidity.

Insect de

infestation is accomplished with 50 Krad, and provisions
must be made to prevent re-infestation of the commodities
by suitable packaging materials.

The moisture content of

the material to be de-infested is important; mold growth
occurs in high moisture foods

(12) .

Radiation pasteuriza

tion of animal tissue is accomplished at dose levels of
less than 1.0 Mrad

(55).

Most conventional packaging

materials are serviceable for such treatments, but it must
be understood that the commodities so treated will not be
sterile, and cannot be stored safely at room temperature
for prolonged periods of time.
near 32°F.

They require temperatures

Fruit pasteurization can be obtained with 150

Krads when suitably packaged and subsequently cold-stored
(11).

Radiation sterilization has three considerations:
1.

Enzyme inactivation accomplished by heating;

2.

Destruction of microorganisms; and

3.

Prevention of reinfection accomplished by packing.

The sterilizing dose persently established from stud
ies with spores of Clostridium botulinum, type E, is 4.5
Mrads

(3).

It must be assured that all portions of all

containers to be sterilized must have received this minimum
dose to safeguard the public health.

Suitable packaging

must be included in radiation sterilized products and pro
cess specifications.
Containers found suitable for irradiation include the
commercial tin-plated can which is enameled on interior
surfaces in accordance with specific product requirements.
Aluminum and flexible packaging materials are also suit
able.
Radiation must be applied in such a manner that in
duced radioactivity by free-radical formation is minimized.
Foods processed in accordance with presently available
technology yield products which have induced activity far

less than the amounts commonly found in water and food
stuffs in many localities.
Although radiation pasteurization of foods is an
extremely promising supplementary method of preserving
refrigerated foods, more information is required on cer
tain aspects before its potentialities can be fully under
stood.

These aspects are:

1.

The mechanism of lethal action of ionizing radia
tion on microorganisms;

2.

The frequency and significance of radiationresistant mutants that may occur;

3.

Public health aspects; and

4.

The mechanisms of production of radiation-induced
off-flavors and odors in some foods.

Biochemical Characteristics of Shrimp
Certain biochemical characteristics appear to be com
mon to all shellfish, and influence their deterioration in
a decisive and related way.

As a whole, they contain far

greater amounts of free amino acids than do fish.

This

facilitates bacterial growth and presumably explains the
rapid spoilage, which is so evident in most shellfish

(43,

57,58).
Shellfish, in general, are subject to types of micro
bial spoilage similar to those for fish.

Many pertinent

publications are available which summarize such classes of
bacteria present in shellfish, but only a few convey
sufficient information as to cultural characteristics and

strain differentiation.

This lack of thorough identifica

tion makes comparison of research data very difficult.
Early investigations were mostly public health projects
designed to ascertain the role of shellfish as carriers of
infectuous microorganisms.

Later studies were made to

determine the types of microorganisms normally associated
with shellfish and their environment, and in some cases
with their role in decomposition under various conditions.
Shrimp die very soon after catching, and differ basi
cally in this respect from lobster, crabs, and crayfish.
Deteriorative changes, consequently begin earlier in shrimp,
while the other commercially important crustaceans remain
alive for a considerable time after catching, and should
even be alive when cooking or processing is started.
Nearly all shrimp are handled raw.

Soon after the

shrimp are landed on deck, they generally die.

Microbial

spoilage starts immediately through marine bacteria on the
surface or through microorganisms which happen to contami
nate the shrimp on deck, in handling and washing.

Fish

and other marine organisms caught along with the shrimp may
smear them with slime and exuded intestinal contents,
thereby further adding to the contamination.

A 1958 report

summarized approved handling procedures and keeping problems
of shrimp

(4).

The prevention of deterioration in the quality of the
shrimp involves two distinct problems, namely, maintaining
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low numbers of detrimental microorganisms and the control of
oxidations, chiefly of phenols, into melanins.
action is catalyzed by specific tissue enzymes

This re
(phenolases)

and results in the appearance of black zones or spots at
the edges of the shell segments of the flesh

(6 ) .

The dark color is produced by melanin pigments which
form on the internal shell surfaces or, in advanced stages,
on the underlying tissues

(22).

These pigments are pro

duced by an oxidative reaction involving the action of
tyrosinase on tyrosine.

The reaction is catalyzed by cop

per and other metallic ions

(21).

Such formation of black

spot has been observed on all species of shrimp landed
from water contiguous to North America.

Earlier assumptions

that this discoloration was connected with microbial
activities are definitely ruled out (1).

Similar reactions

are reported from most other crustacean shellfish.

A

recent comprehensive study confirms the concept of this
black spotting as a non-microbial phenomenon

(30).

Limited research has been reported on the numbers or
species of bacteria found on fresh shrimp.
MacNaughton

Clark and

(15) stated that shrimp should be immediately

deheaded, washed and iced as quickly as possible, since the
dark liquid in the stomach contains partially digested
plant and animal material which readily decomposes.

They

stressed that this liquid and the surface slime must be
removed by thorough washing before icing.
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When whole or headless shrimp are washed with sea
water, there is a reduction in the bacterial count (26).
Bacterial counts on headless unwashed shrimp are somewhat
lower than on whole shrimp from the same catch.

Removal of

the heads reduces the count greatly, the heads carrying
approximately 75% of the bacteria

(24).

The bacterial counts

of freshly caught and deheaded shrimp are largely deter
mined by the bacteria and debris adhering to the surface.
Quality Evaluation of Shrimp
Much effort has been expended in attempts to establish
objective quality tests for shrimp.

Such tests would be of

immeasurable value to the shrimp industry in the distribu
tion and processing of individual catches of shrimp accord
ing to their expected storage life.

Subjective sensory

measurements have been used almost exclusively in the
determination of shrimp quality

(25).

During the first few days of ice storage the shrimp
flavor may be described as "fresh" and slightly sweet.
There then follows a period in which the sweet flavor dis
appears and the taste becomes "flat"? however, off-flavors
associated with spoilage are not present during this
period.

Finally, the shrimp undergo a sharp change in

flavor indicative of spoilage.

These three general flavor

changes have been substantiated by experienced taste panel
personnel through repeated organoleptic studies with icestored shrimp.
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Attempts have been made to correlate the organoleptic
stages in shrimp deterioration with chemical and bacterio
logical changes.

Chemical determinations were made for

amino nitrogen, trimethylamine nitrogen and volatile acids.
Bacteriological examination consisted of determining total
plate counts, total E. coli and total fecal E. coli

(25).

Values for both trimethylamine nitrogen and volatile
acids were found to be of limited value as indices, in that
values for both tests remained relatively constant for an
initial period of about 14 days and then increased signifi
cantly; however, these increases lagged somewhat behind a
similar increase in total bacterial plate count.

Amino

nitrogen determinations showed the most promise as a quality
measurement of the ice-stored shrimp.

These values de

creased in magnitude as the length of storage time increased.
Several reviews have appeared in the literature con
cerning biochemical changes in fish during ice storage

(2 ,

48,49,53), and these contain information which is generally
also applicable to changes in iced-stored shrimp.

Most

investigators believe that spoilage of such shrimp is caused
mainly by bacterial enzymes, but autolytic changes are
definitely important (37) .

A sudden increase in bacterial

load is often taken to indicate onset of spoilage in fish,
and comparisons with organoleptic changes in shrimp show the
similar relationships

(22) .

Bacterial counts alone, how

ever, are unreliable in differentiation of various degrada
tion stages of shrimp.

Some investigators consider tests for ammonia unrelia
ble as indicators of bacterial spoilage of fish (45,48), and
there is no general agreement concerning ammonia content as
a quality index for these products.
Fieger et al.

Studies conducted by

(24) showed that Nessler nitrogen increases

slightly with the onset of spoilage and then rapidly as
spoilage progresses.

These investigators were unable to

suggest a definite spoilage index for Nessler nitrogen.
Beatty and Collins

(10) found similar changes in amino

nitrogen values in their studies on press juice from cod
tissue.

The decreases approximately equalled the increases

in ammonia nitrogen leading these investigators to suggest
that bacterial deamination of amino aicds liberated from
tissue protein would account for such results.
and Williams

Campbell

(14), in studies with shrimp, and Sigurdsson

(4 8 ) in studies with herring obtained increases in amino
nitrogen during refrigerated storage.

It has been suggested

that these differences can possibly be explained on the
basis of different protein degradation products.

It is

also possible that the rapid association of amino groups
with denatured protein molecules mask them from detection
by the procedure employed (7).
Bailey et al.

(7) reviewed chemical, physical, and

microbiological tests useful for determining the relative
quality of ice-stored shrimp.

They classified the accept

able tests into three categories:

(a) those indicating

14
definite changes in prime quality;

(b) those signifying the

onset of spoilage; and (c) other applicable tests for
determining relative quality.
One of the chemical tests surveyed pH changes during
the prime quality period.

These changes were due in large

part to changes in lactic acid content.

Lactic acid values

increased initially and then decreased.

This initial in

crease was attributed to the rapid breakdown of carbohydrates.
Collins

(16) reported a similar increase in the lactic acid

content of press juice of cod but could not correlate the
increase with glycolytic breakdown alone.

Other workers

have also failed to obtain accurate balances between glyco
gen decreases and lactic acid increase

(34,51).

After four

days' storage, the lactic acid in shrimp was being oxi
dized faster than it was produced, resulting in a rapid de
crease of this constituent.

This was followed by a less

rapid decrease for the remainder of the storage period.
Watson (59) postulated that lactic acid in the pre
sence of trimethylamine oxide reacted to form carbon
dioxide, water, and trimethylamine, and also demostrated
the disappearance of lactic acid and appearance of carbon
dioxide and trimethylamine in a reducing Achromobacter
suspension incubated with lactic acid and trimethylamine
oxide.

Collins

(16) also found that both acetic acid and

carbon dioxide increases concomitantly with decreases in
lactic acid as further evidence for the operation of this
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reaction during the ice storage of fish.

These changes are

possibly applicable to shrimp deterioration, but other
mechanisms are also operative since lactic acid does not
decrease appreciably during the period of rapid rise in
trimethylamine.
Among the numerous degradative processes in seafood,
proteolysis is prevalent.

Holding shrimp at 32°F. or 20°F.

generally results in a much reduced rate of protein break
down.

Similarly, keeping shrimp at ambient temperature

prior to ice storage involves an increased protein decompo
sition with the release of amino acids, and the subsequent
rapid conversion of the latter to melanin through the action
of the phenolases.

Novak and Fieger

(39) have shown in

creases in certain free amino acids during ice storage.
Simidu and Hujita

(49,50) clearly established in no less

than ten commercial shrimp varieties whose flavor is
related to the amino nitrogen content, particularly of the
monoamino group.

More than half of this was represented by

glycine, which gradually declined in amount during storage.
This decidedly reduces palatability.
Duggan and Strasburger

(17) postulated two principal

types of decomposition in raw shrimp.

One of these, the

putrefactive type, occurs when shrimp, before icing, are
exposed for a time at a temperature favorable for bacterial
growth.

This breakdown is characterized by the appearance

of indole, presumably formed from tryptophan through

bacterial action.

No indole has been found in fresh shrimp

Once started, this type of decomposition proceeds fairly
rapidly even though the shrimp are subsequently well iced.
The ammonical type of decomposition is necessarily slow and
is characterized by free ammonia odor, in addition to
other odors commonly associated with protein decomposition.
Indole has been recommended as a reliable indicator of
spoilage of the raw material prior to freezing or canning
(17) .

It has been commonly used as a criterion of inferior

sanitation in processing plants or deterioration in stor
age prior to final processing

(8 ).

Lartigue et al.

(33)

evaluated the indole and trimethylamine tests for oyster
quality.

These investigators found that while the indole

tests developed by Clark et al_. (15) and the trimethylamine
test of Dyer

(18) were sensitive and capable of detecting

microgram quantities of these compounds, they could not be
used as indices of oyster spoilage since the values showed
no definite pattern of change during storage of the oysters
Spinelli et al.

(52) have concluded that trimethylamine is

unsatisfactory as an index for flavor changes in irradiated
king crab meat.
The preceeding literature review adds validity to the
need for development of additional objective methods to
measure deterioration of shrimp and other shellfish.

While

indole, trimethylamine, and ammonia production are excel
lent indicators of gross spoilage of shrimp, they are of

limited value as gauges of marginal deterioration or as
indicators of relative quality.
Industry-wide standards of shellfish quality have not
been established because there are no satisfactory methods
by which deteriorative changes can be accurately and quanti
tatively measured.

The oldest and still most widespread

means of evaluating the acceptability and edibility of
shrimp are the senses of .smell and taste.

EXPERIMENTAL METHODS AND MATERIALS

In June, 1965, a United States Atomic Energy Commission
research grant was awarded to the Department of Food Science
and Technology for the installation, management, and opera
tion of a portable on-shipboard irradiator.

Since an

irradiator of this type was never available previously,
much investigation into possible radiation sources, shield
ing, construction materials and methods, and mechanics of
such a system was necessary before a satisfactory installa
tion could be achieved

(Figure 1).

Upon approval of the design by the U.S.A.E.C., a con
tract was awarded to Radiation Facilities, Inc., Lodi, New
Jersey, for its construction.
A survey of shrimping concerns along the Gulf Coast
indicated that shrimping vessels capable of accommodating
a crew of scientists for extended periods were generally
unavailable to us during the prime shrimping seasons.
Such a vessel, the Oregon, was located through the United
States Bureau of Commercial Fisheries.

However, due to

previous commitments in foreign countries, the Oregon was
only available for use on this project from October through
December, 1966.

A contract which provided for the use of

the ship and its crew of ten was agreed to in June, 1966.
The Oregon is a steel-hull vessel which was con
structed in the early 1940's, and was used primarily as a
18
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FIGURE 1
PORTABLE SHIPBOARD IRRADIATOR
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tuna boat in a fleet based on the West Coast.

In the mid

1950's, it was purchased by the U.S.B.C.F., and converted
to a research vessel-trawler to be used primarily in making
migration checks on varieties of sea life throughout the
Atlantic Ocean and Gulf of Mexico.

The Oregon is based at

St. Simon's Island, Georgia, and is now used for explora
tory fishing and gear research.

The overall length is 100

feet, beam length is 26 feet, and draft and gross tonnage
are 10 feet and 219 tons, respectively.

The main engine is

an Enterprise diesel with a horsepower rating of 600 h.p.,
a cruising speed of 9.0 knots, and a cruising range of 500
miles.
Since numerous modifications of the vessel were neces
sary before it could accommodate the irradiation unit, many
conferences were conducted with U.S.B.C.F. officials in
order to determine the nature, feasibility, and cost of
these changes, and to outline a time schedule for the
shrimping operations.

A contract was awarded to the

Jacksonville

Shipyards for the modification of

(Florida)

the O r e g o n , and for the installation of the unit aboard
the ship.

All plans and movements required approval by

the appropriate federal and state agencies involved, and
in addition, the following instructions were necessary in
order to comply with regulations set forth by the U.S.
Atomic Energy Commission:
1.

Cut out center of the brine water tank top, about
8 feet wide by full length of the tank.

2.

Install door in after end of the tank at about the
level of the vessel.
The door should be water
tight with a safety light to show if someone is
inside.

3.

Install sides on tanks top opening approximately
6 inches high of 1 / 8 inch steel suitably stiffened
with maximum openings around top for proper
ventilation.

4.

Install wood floor approximately 2 feet above the
irradiator base with ramp from after door.

5.

Install 1 1/2 inches x 3 inches x 13 feet screen
ing completely around irradiator bolted in place,
fitted with door shaft.

.

Install adequate electric supply system including
blower, fluorescent lights, irradiator controls,
etc.
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7.

8

.

9.

Paint all new interior and exterior work com
pletely with at least two coats.
Place the irradiator on foundation (secure weather
proof storage must be provided between receipt of
the irradiator at shipyard and installation on the
vessel) bolting down with 8 feet x 2 1/4 inches
diameter b o lts.
Operate all electrical and mechanical units for
test.

In September 19 6 6 , construction of the irradiation
unit was completed, and arrangements were made for its
shipment by a commercial trucking company from Lodi to
Jacksonville.

Upon its arrival at the Jacksonville Ship

yards, installation aboard the Oregon was begun, and the
entire operation required approximately two weeks for
completion.
Once the installation had been accomplished, a
dosimetry study using Fricke's method

(5) was conducted.
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and a radiation survey
aboard the boat.
shrimp matrix.

(Table 1) was made of all areas

Dosimetry studies were conducted in a
In all determinations aquous ferrous sul

fate - cupric sulfate dosimeters
using 0.28 g. ferrous sulfate
copper sulfate

(28,31) were made by

(FeSO^ • 7 H 2 O) and 2.5 g.

(CuSO^ • 5 H 2 O) which were added to 0.25 ml.

concentrated sulfuric acid, and diluted to 1 liter with
distilled water.

For each dosimeter 5 ml. of the solution

was placed in a screw-top test tube.

After exposure, the

tubes were wrapped in aluminum foil, and returned to L.S.U.
for optical density determination.

The contents of each

tube were transferred to a quarty cell, and the optical
density determined on a Beckman Spectronic 20 spectropho
tometer at a wavelength of 304 mu.

Twelve tubes containing

the dosimetry solution were as evenly distributed as pos
sible throughout the shrimp matrix which consisted of de
headed shrimp.

The matrix was irradiated for periods of

time ranging from 5 to 25 minutes, one-half the exposure
for each side.

Results of this work indicated that the

irradiation unit was delivering a dose rate of approximately
9.5 Krads per minute.
A series of three operational shrimping cruises was
arranged to be conducted during the months of October,
November, and December 1966.

It was decided to collect

the shrimp in the North Atlantic waters off the coasts of
Georgia and Florida on the first and third cruises, while

TABLE 1
Radiation Survey of Portable Irradiator

Shuttle Down:
Over Top of Sheave
Control Panel
Behind Control Panel
Opposite Control Panel
Shelf by Aux. Shielding
Below in Sleeping Quarters
All Sides of Lower Section

1 to 5 mr/hr
0 . 2 mr/hr
2 mr/hr
2 mr/hr
0 . 1 mr/hr

Negative
0 .5 mr/hr

Shuttle Up:
Over Top of Sheave
Control Panel
Behind Control Panel
Opposite Control Panel
Shelf by Aux. Shielding
Below in Sleeping Quarters
(Lavatory only)
All Sides of Lower Section
Operator's Head during Unloading

mr/hr
mr/hr
3 mr/hr
5 mr/hr
25 mr/hr
0.1
0 .4

50 mr/hr
0 .4 mr/hr
25 mr/hr

Worst Position:
Section over Shroud
Behind Control Panel
Control Panel
Opposite Control Panel
Shelf by Aux. Shielding (if up)
Operator's Head at Control Panel
Operator's Head during Unloading

5 mr/hr
3 to 5 mr/hr
1 mr/hr
6 mr/hr
25 mr/hr
5 mr/hr
25 mr/hr

the second cruise would involve collection of shrimp in the
shrimping grounds off the Dry Tortugas in the Gulf of
Mexico.
Many of the chemical and microbiological analyses were
originally scheduled to be conducted aboard the Oregon.
Due to a lack of space and facilities aboard the ship,
arrangements were made to perform them in the facilities
of the Department of Food Science and Technology at L.S.U.
Immediately prior to the first cruise, a safety meet
ing was held involving U.S.B.C.F. officials, the crew of
the O r e g o n , and the L.S.U. personnel.

The following oper

ational procedures were suggested, and were agreed to by
all parties:
1.

Prior to operating the facilities, the lavatory
directly below in the state room must be locked,
and no one is permitted within untilope r a t i o n of
the facilities are completed.
The operator is
responsible, and must strictly maintain this
procedure.

2.

All personnel prior to entering the facilities
must wear a pencil dosimetry or film badge.

3.

On entering the facility, the operator and all
other personnel must enter their name in the log
register.

4.

The operator must check area within the facility
with survey meter to ascertain radiation level.
In addition, the operator is to observe the
radiation level at the monitor (Vamp 80 8 -B)
directly beside the facility.

5.

The key to the irradiator which has been removed
from the irradiator is inserted in the lock making
the irradiator operational.

6

.

The irradiator is first operated in the down and
up position without the product containers.
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7.

8

.

9.

The product is then loaded into the product containters for irradiation.
The operator must secure the two (2) locks on the
product container p r i o r t o lowering the container
into the radiation area.
The container is then placed within a set of
grooves in the loader directly in front of the
irradiator.

10.

A release bar at the left side of the loader is
pressed inwardly, thus releasing the arm loader to
be pushed forward.

11.

The handle in front of the loader is turned clock
wise which sets the container in the grooves pro
vided for at the shuttle.

12.

The product loader is retracted from the loading
position.

13.

The shuttle is activated by pressing the "down"
button at the control panel.
The "up" button is
pressed for the shuttle to travel "up".

14.

A timer is provided which automatically retracts
the carriers at the end of a preset period of
exposure.

15.

A panic button is provided for the purpose of
stopping the shuttle either in the "up" or "down"
travel.

16.

Limit switches are provided in both "down" and "up"
travel of the shuttle.
In addition, an over-ride
limit switch is provided in the up travel in the
event of any failure of the first limit switch.

17.

The package loader provides the means of moving
the product containers stepwise through the
irradiating positions.
There are four package
positions, and are in the order as follows:
a.

The nonirradiated package is placed in the
holders on the input side, outside the
auxiliary shield.

b.

The first carrier in the shuttle receives the
package for irradiation on the first side.
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c.

The first package upon receiving its proper
dose is brought up and moved over to the
second carrier.

d.

The second carrier; which receives the pack
age from the first carrier and transports it
to the source for treatment of the second side.

e.

The double pass system should be used as fol
lows: A package is first irradiated in the
one side, and then is shifted to the other
side of the carrier, and the opposite side of
the package is irradiated.
The package in the
second position, upon being irradiated, is
pushed out, and the package from the first
position is moved over to the second position,
while at the same time a new package is placed
in the first position.
This procedure may be
followed consecutively and indefinitely.

18.

Upon completion in the use of the facility, the
shuttle is to be brought "down" and locked.
The
key is removed from the control panel.

19.

The operator, prior to leaving the facility, enters
time out including pencil dosimetry readings.

20.

The outside doors are locked, and the lavatory in
the state room is reopened.

21.

The responsibility of the facility rests upon the
operator.

Landing and Processing of the Shrimp
On the first operational cruise
white, pink, and brown shrimp samples

(October 24-November 3),
(Penaeus setiferus,

aztecus and duarum) were collected in different areas
(Southeast Flagler Beach, Florida; St. John River Entrance
Area, Florida; Brunswick Sea Buoy Area, Georgia).

The

shrimp were caught in nets which were emptied of their con
tents on the deck of the boat.

Along with the shrimp, all

kinds of sea life were caught by the trawl.

Trash fish,

including small and broken shrimp were sorted out and dis
carded.

The sorting operation was done as quickly as pos

sible after the net was emptied so that the shrimp could
be washed and deheaded.

After washing in sea water, and

heading, one-half of the shrimp were packed in polyethylene
pouches which were heat sealed, and/or wax coated boxes,
and were irradiated at the levels of 100, 200, and 300 Krads.
As soon as the irradiation process was completed, the sam
ples were stored in the refrigerated hold
at 30-32°F.

(air-blast type)

The remaining half of the shrimp were desig

nated control samples, and received the same treatment as
the other samples, but were not irradiated.

The cruise

period was approximately 7 days in duration, and the time
between catch and docking ranged from 50 to 79 h o u r s .
Upon docking, the shrimp were transported by auto
mobile to the Department of Food Science and Technology,
L.S.U., and were kept iced in polyurethane foam ice hampers
during the 16 hours in transit.

During transportation,

the samples were checked at various intervals, and the
temperature was maintained at 32°F.

Upon arrival at the

university, the samples were immediately stored under
refrigeration at 30-32°F.

Immediately after arrival, part

of the control was irradiated in the irradiator at the
Louisiana State University Nuclear Science Center at levels
of 100, 200, and 300 Krads, and were used for comparison
tests with shipboard irradiated samples.

Initial tests
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were then made on all samples.
The second cruise was conducted from November 18 to
November 30, 1966 and shrimping operations were conducted
in the following areas:

Brunswick Sea Buoy Area, Georgia;

St. John River Entrance Area, Florida; Southeast Flagler
Beach, Florida; Area off Cape Kennedy, Florida; and Dry
Tortugas Area.

The methods used during this operation

were essentially the same as those previously described
with the exception that two hundred pounds of shrimp which
were caught in the Tortugas area were irradiated on ship
board, and were processed in a commercial shrimp packaging
plant in Florida within 48 hours after irradiation.

These

samples, along with non-irradiated shrimp caught and pro
cessed by the same procedures, were tested organoleptically
in various areas including the University of Miami

(Florida)

Marine Laboratory.
On the third cruise

(December 5-11), shrimping opera

tions were conducted in the Brunswick Sea Buoy Area, Georgia;
St. John River Entrance Area, Florida; Southeast Flagler
Beach, Florida and an area off Cape Kennedy, Florida.

The

operational procedures previously described were followed.
With the conclusion of operations aboard the Oregon,
the shipboard irradiation facility was removed from the
vessel at Jacksonville Shipyard.

After removal the unit

was placed aboard a commercial trailer-truck, and trans
ported to Louisiana State University for storage until a

suitable location could be found for its further installa
tion.

Several ideas for its relocation were considered.

It was finally decided to locate the unit at a dockside
facility at Grand Isle, Louisiana (one of the chief shrimp
ing areas along the Gulf of Mexico).
During the early part of June 1967, the shipboard
irradiator was installed aboard a low-boy trailer, and
moved to dockside at Grand Isle, Louisiana.
The unit was operated throughout the months of June,
July, and part of August by food scientists and food
engineers on the staff of the Department of Food Science
and Technology.

A number of successful experiments were

carried out during this period.
Arrangements were made with commercial shrimpers to
supply the shrimp, and it was part of the arrangement
that the shrimp be not more than 5 hours out of the water
when we received them.

Immediately upon receipt of the

shrimp, they were carefully washed, deheaded, and packaged
as previously described for the Oregon phase of the investi
gation.

Shrimp were then irradiated at 200 Krad, which

had been determined during the earlier phase of the experi
ment to be optimal, and stored in polyurethane foam ice
hampers in a refrigerated room at 32-33°F.

At the end of

each day, the day's samples were returned by car to L.S.U.
for analyses and organoleptic testing.

Part of each con

trol was irradiated at 200 Krads at L.S.U. and tested for
comparison studies.

During the month of June, two hundred pounds of shrimp
(Penaeus set!ferus, 30-40 shrimp per pound) were purchased
through regular commercial channels at Grand Isle.

The

samples were deheaded, peeled and deveined, and half of
them were irradiated at 200 Krad, while the other half was
kept as the control.

The irradiated shrimp were main

tained in crushed ice continuously in a walk-in refrigera
tor for nine-days after irradiation, while the control was
frozen.

On the ninth day, these shrimp were transported

by university vehicle to Fort Lee, Virginia for field
testing by 1500 servicemen.

The irradiated shrimp were

continually kept iced in hampers while in transit, and the
frozen control was maintained in dry ice.
arrived in excellent condition.

Both samples

These shrimp were stored

in refrigerators and freezers at Fort Lee until they were
a total of 14 days old after irradiation.

Previous to

cooking for the field trials, the shrimp were subjected to
rigorous toxicity studies which proved to be negative by
Army personnel.

Results of the feeding trial are pre

sented in Tables 9 and 10.
Chemical Analysis of the Shrimp
The chemical analysis of the shrimp included the
determination of indole, ammonia nitrogen and trimethylamine nitrogen.
Indole;

The indole content of each of the samples at

different intervals of time was determined by Turner's

method

(56).

Twenty-five grams of the sample was weighed into a
small beaker.

The weighed portion of the sample was added

to a quart-size Waring Blendor bowl with 100 ml. of 5%
trichloracetic acid and 25 ml. of distilled water and
blended for 5 minutes at high speed.

The contents of the

bowl were transferred quantitatively to a 250 ml. volu
metric flask and diluted to volume with distilled water.
About 50 ml. of this preparation was centrifuged at 2500
r.p.m. for 5 minutes.

Twenty milliliters of the clear

supernatant was transferred into a 250 ml. separatory
funnel.

Ten milliliters of petroleum ether was added and

the contents were shaken vigorously.

The water layer was

transferred to another separatory funnel to which was
added 10 ml. of petroleum ether, and the mixture was
shaken.

The petroleum ether fractions were combined in a

separatory funnel.

Ten milliliters of p-dimethylamino-

cinnamaldehyde reagent was added to the combined ether
fractions and shaken vigorously.

The colored aqueous

layer was drained into a tube and centrifuged.

Eight

milliliters was pipetted into Klett tubes, the reagent
added and allowed to stand for 30 minutes, after which time
they were read in the Klett-Summerson using a 640 mu filter
(No. 64).

The concentration of the indole was expressed

in micrograms of indole per 1 0 0 g. of the sample.

As reported by Dxiggan and Strasburger (17) in a
review of tests for shellfish quality, an indole content
of 1 . 8 meg. which was detectable by sensory methods was
indicative of spoilage.
Ammonia Nitrogen;

Ammonia nitrogen determinations

were made according to a modification of the procedure
described by Moen

(36).

A modified Conway microdiffusion cell consisting of
three chambers was employed in the determinations.

Two

milliliters of standard acid containing indicator was
placed in the inner chamber.

One and a half milliliters of

saturated potassium carbonate

(reagent grade) solution was

added to the closing chamber.

In the outer diffusion

chamber was placed an appropriate amount

(usually 1 or 2

ml.) of the clear supernatant from the indole extraction.
One milliliter of the saturated potassium carbonate solu
tion was added to the outer diffusion chamber and the lid
was immediately put in place.

The dishes were rotated to

mix the solutions in the outer diffusion chamber, and then
placed in an incubator at 37°C. for 2 hours.

Excess acid

in the center well was titrated with standard barium hy
droxide solution.
Calculation of the ammonia nitrogen present was made
according to the following relationship:
NH^-N in mg. per
100 g. shrimp = (VB x Ng x 14 x 1 0 0 0 - TMA-N)

where s
VB = volume of B a f O H ^ in ml.
N_ = normality of Ba(0H)o
B
2
*

Vg = volume of sample in ml.
Use of the modified Conway cell eliminated many
problems encountered with the two-chambered cell.

of the
The

modified cell avoided the use of grease by having an extra
chamber

(the closing chamber) which was half filled with

the same solution as the outer diffusion chamber with the
exception of the sample fluid to be analyzed.

A liquid

trap was

formed with the clear plastic top which was dipped

into the

outer closing chamber thereby excluding the pos

sibility of gas leakage, and, as the liquid in the trap was
also that used to liberate the ammonia in the outer dif
fusion chamber, the risk of absorption was eliminated.
A value of 10 mg. ammonia nitrogen per 100 g. shrimp
or above was established by Moen as an indication of the
onset of spoilage.
Trimethylamine Nitrogen:

Trimethylamine nitrogen con

tent of each sample was determined by a modification of the
Dyer method

(18).

Twenty-five grams of the samples was

weighed into a small beaker.

The weighed portion of the

sample was added to a quart-size Waring Blendor bowl with
100 ml. of 5% trichloroacetic acid and 25 ml. of distilled
water, and blended for two minutes at high speed.

The con

tents of the bowl were transferred quantitatively to a
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250 ml. volumetric flask and made up to volume with dis
tilled water.

About 50 ml. of this preparation was centri

fuged at 2500 r.p.m. for 15 minutes.

An aliquot of 1 to 4

ml. of the clear supernatant was added to glass stoppered
thiamine tubes, and made up to 4 ml. volume with distilled
water, 1 ml. of 1 0 % formaldehyde was added to each tube
followed by 10 ml. of toluene and 3 ml. of a 50% potassium
carbonate solution.

The tubes were stoppered and shaken for

1 minute in a mechanical shaker.

The lower aqueous layer

was removed by suction with a glass tube drawn to a fine tip.
The toluene layer was dried with anhydrous sodium sulfate.
Five milliliters of the dried toluene portion was then
added to "Spectronic 20" tubes containing 5 ml. of 0.0 2%
picric acid-toluene solution.

The percent transmission of

the yellow trimethylamine picrate which developed, was
determined with a "Spectronic 20" colorimeter at a wave
length of 400 mu.

The concentration of the trimethylamine

was expressed, in mg. of trimethylamine nitrogen per 1 0 0 g.
of the sample.
As determined by Dyer, a trimethylamine nitrogen value
of 1.5 mg. per 100 g. shrimp or higher is a definite indi
cation of spoilage.
Microbio1ogica1 Examination of Shrimp;

Microbiologi

cal examination of shrimp consisted of total plate count
determinations at 20 and 35°C.

Ten grams of peeled and

deveined shrimp were aseptically blended with 90 ml. of

35
sterile distilled water, and appropriate serial dilutions
were made from this primary dilution.

Tryptone-glucose

extract agar was used as the plating medium.

Total count

plates incubated at 20°C. were examined at 5 days.

Plates

incubated at 35°C. were examined at 48 hours.
A Quebec Colony Counter was used for counting.

The

bacterial plate count was expressed as the number of
colonies per gram of sample.
Organoleptic Studies:

Organoleptic ratings were con

ducted at L.S.U., and Ft. Lee, Virginia.

In the tests con

ducted at L.S.U., shrimp which were irradiated at 200 Krads
aboard the Oregon were compared with non-irradiated samples
from the same catch.

A panel of 12 judges, experienced in

the organoleptic rating of shellfish, participated regularly
in the tests.
The shrimp were prepared by cooking in boiling, un
salted water for nine minutes.

Three shrimp from the

irradiated sample, and three from the non-irradiated group
were placed on the panelists' plates.

Each member of the

panel was given a rating sheet containing a nine-point
hedonic scale.

He was asked to rate each group of three

shrimp in his plate on a scale ranging from 9 to 1, with 9
being the highest rating possible, and 1 being the lowest.
The rating sheet used in this test is shown in Figure 2.
Prior to the field trials at Ft. Lee, a review of
medical records of all prospective test participants was

FIGURE 2
L.S.U. Food Rating Form
Shrimp__________

Excellent
Very Good
Good
Fair
Borderline
Slightly Poor
Poor
Very Poor
Inedible

Texture

Flavor

Appearance

Texture

Flavor

Appearance

Texture

Flavor

Odor

*Appearance

Sample

Sample

Sample

Quality

Date

Odor

Product

Odor

Name

(9)
(8 )
(1)
(6 )
(5)
(4)
(3)
(3)
(1 )

Comments;
*Downgrade appearance for blackspot when it penetrates the meat and covers an
area at least 1/3 of the circumference of the shrimp.
You may comment on the back of this sheet, but do not downgrade appearance
when the above area is covered by blackspot on the shell only.

conducted by Kenner Army Hospital, Ft. Lee, Virginia, in
accordance with the requirements and procedures stipulated
by the Office of the Surgeon General.

This review was made

to determine the absence of abnormalities as evidenced by
chest X-ray, blood count, urinalysis, and neuropsychiatric
problems.

Those men who did not pass the review were not

accepted for the field testing.
Toxicity tests were conducted on the irradiated shrimp
and the control to assure the absence of Clostridium
botulinum toxin, type E.
Service

(U.S.P.H.S.)

Using United States Public Health

animal assay procedures, toxicity

tests were performed on samples from each container of
shrimp to determine the presence or absence of Clostridium
botulinum toxin, type E.

These tests were conducted in

the Food Test Division of the U.S. Army General Equipment
Testing Activity

(USAGETA) by qualified personnel working

under the general supervision of representatives of the
Surgeon General.
In each test, 0.15 ml. of a 1:5 dilution of homogenate,
representing a composite sample from a container of shrimp,
was injected into each of five white mice.

Observations

were made of the mice at 4, 24, 48, and 72 hours after
injection.

If any of the mice were found dead at any of

the observation periods, the remaining shrimp from that
container were rejected for use in the field test.

A soldier acceptability test wherein the irradiated
and comparable non-irradiated shrimp were served in shrimp
cocktails as part of normal meals in garrison messhalls.
Nine company-sized units at Fort Lee participated in the
test.

Test foods were prepared by USAGETA and Company food

service personnel, and placed in coded containers on the
serving line along with other foods for that meal.
Personnel of each participating unit were given a
brief orientation prior to the test.

They were informed

that irradiated foods would be served in their messhalls,
but they were not told the specific items to be served.
Upon entering the dining hall, each individual was given
a food rating form coded to indicate whether he was quali
fied or not to participate in the field trial, and was
served accordingly.

Each rating form showed four foods

served during the meal, including the irradiated or nonirradiated shrimp cocktail.

Individuals rated each of

the four foods served on a nine-point hedonic scale.
rating sheet used in the trial is seen in Figure 3.

The

FIGURE 3
USAGETA Food Rating Form
Name & Grade

Date

ASN

Organization

The Army would like to have your opinion of certain
foods served to you during this meal.
Your opinion, along
with the opinions of other soldiers, will help the Army in
determining which foods are more acceptable to the soldier.
.The names of the foods to be rated during this meal are
shown below.
Under the name of each food is a rating scale.
Please eat some or all of the foods served to you. After
you have eaten some, or all, of a particular food, rate it
by drawing a circle around the words in the proper rating
scale which best describe how much you liked or disliked
that food.
If, after rating any one food, you wish to make any
additional comments about that item, you may do so in the
space provided.
9- Like
Extremely
8. Like
Very Much

Like
Extremely
g

Like
Very Much

7
g

Like
Extremely
Like
Very Much

Like
Moderately

Like
Moderately

Like
Moderately

Like
Slightly

Like
Slightly

Like
Slightly

Neither Like
Nor Dislike

r

Dislike
Slightly

.

Dislike
Moderately

Neither Like
Nor Dislike
Dislike
Slightly

J
y

Neither Like
Nor Dislike
Dislike
Slightly

Dislike
Moderately

Dislike
Moderately
Dislike
Very Much

Dislike
Very Much

A

Dislike
Very Much

Dislike
Extremely
Comments:

^

Dislike
Extremely

^

Dislike
Extremely

RESULTS AND DISCUSSION

When analyzing the quality of foods and other biologi
cal materials, it is necessary to perform chemical, micro
biological, physical, and organoleptic tests.

This includes

evaluation of the nutritional status and biological avail
ability of the tissue.

Shrimp quality is a manifestation

of the presence of many metabolic components produced by a
multitude of metabolic pathways.

It should not be antici

pated, in fact it is highly improbable, that a single ana
lytical test will be established as an absolute index of
shrimp quality.
Presence or absence of certain chemical components
alone does not give a true picture of the food quality or
its pattern and mechanism of decomposition.

For example,

indole may be present in measurable quantities, and yet
the product may be organoleptically acceptable.

Tri

methylamine values may be low, and the product may be
inedible.

Indole and trimethylamine values are meaningful

chemical indices of shrimp quality only when considered in
light of other chemical, microbiological, physical, and
organoleptic data.
Every analysis that can be developed for measuring
metabolic components in shrimp will contribute to a solu
tion of the overall problem of quality evaluation.
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more interrelationships that can be established, and
mechanisms elucidated, the better will be the understand-,
ing of those factors controlling flavor production.
It is of prime importance to realize the significance
of organoleptic testing in any investigation of this nature.
While chemical analyses, microbiological studies, and other
related tests definitely have their importance to new pro
cesses , the products which result from them cannot be suc
cessful unless they are favorable to the potential con
sumer.

It is for this reason that a process which surpasses

chemical and microbiological standards, but does not satisfy
or impress the judges in organoleptic ratings must be con
sidered a failure.
Shrimp Irradiated On-Shipboard
Indole:

The indole content of the shrimp which were

caught and irradiated aboard the Oregon

(Table 2) illus

trates the superiority of the shipboard irradiated shrimp
over the non-irradiated control.

It can be seen from the

table that at 20 days, the indole content of the three
irradiated samples was only slightly higher than the indole
content of the control at only 1 1 days.
Using only indole content as a criterion of freshness,
incipient spoilage occurred at 23 days for the three
irradiated samples, while spoilage became detectable be
tween the 1 1 th and the 16th day on the control.
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Trimethy1ami ne-N ;

The same situation was noted for

trimethylamine nitrogen content
100

(Table 3).

Using 1.5 mg/

g. shrimp as the criterion for spoilage, it can be seen

that spoilage was detected at 1 1 days in the control,
whereas TMA content did not reach this level in the irradi
ated samples until after the 18th day.
Ammonia-N:

Results of ammonia nitrogen content

(Table 4) show spoilage occurring at 9-11 days in the con
trol, and at 16 days in the irradiated samples.
It is interesting to note here that on none of the
three preceeding tests

(indole, TMA-N, and NH^-N) was there

any indication that irradiation at the 300 Krad level re
tarded spoilage at a much higher rate than did the 200 Krad
trea-ment.

This has been borne out by other studies in the

Department of Food Science, and it is important to note that
many off-flavors, off-odors, and radiation burn may occur
at levels of 300 Krad or greater, rendering the product less
acceptable to organoleptic panelists than either the 1 0 0
or 200 Krad levels.
Microbial Counts:

Table 5 shows bacterial counts on

shrimp caught and irradiated aboard the Oregon.

The results

show that the total number of microbes present on the con
trol at 1 1 days storage were higher than the number present
on the 200 and 300 Krad samples at 23 days storage.

It is

of importance to note that the number of microbes present
on the 200 and 300 Krad samples at the conclusion of test
ing did not equal the number present on the 14 day control.

TABLE 2
Indole Content of Ice-Stored Shrimpa
Age
(days)

0

4

Radiation dose

(Krad)b

100

200

300

0.00

0.00

0.00

0.00

6

0.21

0.00

0.00

0.00

9

1.73

0.00

0.00

0.00

11

2.60

0.55

0.00

0.00

16

6.28

2.20

1.37

1.55

18

8.40

3.11

2.30

2.10

20

12.36

3.90

3.55

3.17

23

14.62

7.06

6.21

v..36

25

14.54

11.33

9.72

9.91

27

16.27

14.13

13.04

12.61

aIndole content (mcg/100 g. shrimp) values above are the
average of three samples
2
2-8
8

= good
= incipient spoilage
= spoiled

^Samples were irradiated within 1 hour after catching.

TABLE 3
Trimethylamine Nitrogen Content of
Iced-Stored Irradiated Shrimp3
Age
(days)

' Radiation dose
0

(Krad)^

100

200

300

4

0.04

0.00

0.00

0.00

6

0.90

0.00

0.00

0.00

9

0.73

0.00

0.00

0.00

11

1.57

0.03

0.64

0.13

16

1.96

0.45

0.72

0.20

18

3.02

1.41

1.11

1.62

20

4.26

2.36

1.97

1.90

23

4.31

3.37

2.55

2.32

25

6.18

5.19

4.34

2.93

27

5.62

5.31

4.92

4.01

aThe values in the table above are the average of three
samples.
A trimethylamine nitrogen value of 1.5 mg. per
1 0 0 g. shrimp or higher is a definite indication of
spoilage.
^Samples were irradiated within 1 hour after catching.

TABLE 4
Ammonia Nitrogen Content of
Iced-Stored Irradiated Shrimpa
Age
(days)

Radiation dose

(Krad)b

0

100

200

300

4

1

0

0

0

6

1

0

0

0

9

7

5

0

0

11

11

5

4

4

16

29

14

10

11

18

34

17

11

11

20

57

19

15

14

23

72

22

16

16

25

91

24

16

19

27

126

20

16

21

aAmmonia nitrogen content is expressed in mg. per 100 g.
shrimp.
A value of 10 or above is indicative of spoilage.
^Samples were irradiated within 1 hour after catching.

TABLE 5
Bacterial Counts on Iced-Stored Shrimp Receiving
Irradiation Immediately After Catchinga
Age
(days)

Radiation dose

(Krad)

0

100

200

300

4

4.8

0.6

0.4

0.3

7

8.5

1.1

0.9

0.7

11

68.9

5.8

3.4

3.6

14

137.0

21.1

12.9

12.6

19

520.5

117.0

35.3

31.7

23

1187.2

167.3

57.2

42.0

27

3643.8

268.0

98.0

89.3

aMicrobial counts as colonies/g. x 10^.

The superiority of the shipboard irradiation process
can be seen when Table 5 is compared with Table 6 , and
Figure 4 with Figure 5.

The shrimp reported in Table 6

were caught on the Oregon/ but were treated in the same
manner as the control

(i.e. non-irradiated).

They were,

however, irradiated at 100, 200, and 300 Krad in the irrad
iation chamber of the Louisiana State University Nuclear
Science Center 4 days after catching.

These samples, while

much lower in microbial count than the control, were notice
ably inferior in this respect to the samples irradiated
aboard the Oregon.
Shrimp Irradiated at Dockside
The dockside phase of this project was conducted using
the same tests and techniques as were used in the shipboard
phase, except for several modifications.

Shrimp were

irradiated at 200 Krad only, while the 100 and 300 Krad
levels were deleted.

It had appeared obvious from the

results obtained during the first phase of the study

(and

from earlier work) that the 200 Krad level was optimal.
Indole:

Table 7 shows indole content of shrimp irrad

iated less than 5 hours after catching.

Whereas incipient

spoilage was detected by 9 days storage in the control,
this condition did not occur until after 16 days storage
in the shrimp irradiated at the 200 Krad level.
' Trimethylamine-N:

It can be seen from Table 8 that

spoilage was detected in the control sample after 7 days

TABLE 6
Bacterial Counts on Iced-Stored Shrimp Receiving
Irradiation 4 Days After Catchinga
Age
(days)

Radiation dose

(Krad)

0

100

200

300

4

4.8

2.7

1.5

1.0

7

8.5

5.0

3.2

2.2

11

68.9

19.4

11.7

6.8

14

137.0

47.0

26.5

20.2

19

520.0

223.3

88.1

65.6

23

1187.2

318.8

129.9

103.7

27

3643.8

551.1

186.5

152.6

aMicrobial counts as colonies/g. x 1 0 4.

10,000 .0-,
5,000 .0-

0 Krad

500.0-1

100 Krad
200 Krad
300 Krad

100.0
50 .0+

Microbial

Count

Colonies/g

x 10

1,000.OH

10.0

0 . sj-

4

7

11 14
19 23
Days Storage-

27

FIGURE 4
Effect of Various Levels of Irradiation on
Microbial Numbers of Iced-Stored, Shipboard
Irradiated Shrimp

,

10 000.0
5.000.0

0 Krad

.

100 Krad

500.0

200 Krad
300 Krad

100.0
50.0

Microbial

Count

Colonies/g

x 10^

1 000.0

10.0
5.0

1.0
0.5

0.0
7

11 14

19

23

27

Days Storage
FIGURE 5
Effect of Various Levels of Irradiation On
Shrimp Irradiated After 4 Days Ice Storage

TABLE 7
Indole Content of Iced-Stored Shrimpa
Age
(days)

Radiation dose
0

(Krad)
200

2

0.22

0.00

4

0.34

0.00

7

1.93

0.00

9

4.06

0.00

11

4.73

0.40

16

8.63

2.01

18

9.11

2.57

20

13.21

3.68

23

15.74

7.16

25

17.36

11.02

27

17.91

15.94

aIndole content (mcg/100 g. shrimp) values above are the
average of three samples.
2
2-8
8

= good
= incipient spoilage
= spoiled

TABLE 8
Trimethylamine Nitrogen Content of
Iced-Stored Shrimp
Age
(days)

Radiation dose
0

(Krad)
200^

2

0.31

0.00

4

0.39

0.00

7

1.16

0.08

9

2.67

0.93

11

2.98

1.30

16

4.33

1.62

18

4.01

2.45

20

6.80

2.49

23

5.62

3.37

25

5.77

4.92

27

6.08

6.51

aThe values in the table above are the averages of samples
run in triplicate.
A trimethylamine nitrogen value of 1.5
per 1 0 0 g. shrimp or higher is considered an indication
of spoilage.
^Samples were irradiated at dockside within 5 hours after
catching.
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iced-storage, however, the 1.5 mg. TMA-N level in the
shrimp irradiated at 200 Krad was not exceeded until the
16th day.

It appears obvious from the relatively short

storage life of the control, that these shrimp, which were
purchased through regular commercial channels, were not as
well maintained aboard the commercial vessel as those
caught by the Or e g o n.
Ammonia-N:
nitrogen

Results of tests for presence of ammonia

(Table 9) indicate that spoilage occurred at 7

days in the control sample, while no spoilage was detected
in the shrimp irradiated at the 200 Krad level until the
16th day.
Bacterial Counts:

Bacterial counts

(Table 10) indicate

the superiority of the dockside irradiation over the con
ventional manner of irradiation by means of a stationary
irradiator.

Part of the samples were irradiated with the

dockside irradiator, and part were transported to the L.S.U.
campus for irradiation in the chamber located at the L.S.U.
Nuclear Science Center.
(25 days storage)

At the end of the testing period

counts obtained on the dockside irradiated

product were approximately one-half the number present in
the L.S.U. irradiated samples, and one-tenth that of the
control.
Organoleptic Studies
Ratings by the 12 panelists for shrimp irradiated at
200 Krads using the on-shipboard irradiator, and for control

TABLE 9
Ammonia Nitrogen Content
of Iced-Stored Shrimpa
Age
(days)

Radiation dose
0

(Krad)
200b

2

4

0

4

5

0

7

12

0

9

19

3

11

26

6

16

41

11

18

45

23

20

60

28

23

76

40

25

61

38

27

103

51

aAmmonia nitrogen content is expressed in mg. per 100 g.
shrimp.
A value of 10 or above is considered to be
indicative of spoilage.
^Samples were irradiated within 1 hour after catching.

TABLE 10
Bacterial Counts on Irradiated And
Non-Irradiated Shrimpa
Age
(days)

0

Radiation dose
200b

(Krad)
200u

2

1.3

0.7

0.2

4

3.7

1.8

0.6

7

11.2

5.3

2.2

9

47.6

8.6

4.6

14

152.0

36.4

23.6

18

532.8

209.4

165.7

21

1175.2

361.1

238.1

25

2830.0

882.2

384.5

aMicrobial counts as colonies/g. x 1 0 ^.
^Samples were irradiated at L.S.U. 2 days after catching.
cSamples were irradiated with dockside irradiator within
5 hours after catching.
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samples are shown in Table 11.

The results of the first

day of testing indicated no preference for either sample
over the other, however, quality of the control at subse
quent testing intervals declined at a much faster rate than
did that of the on-shipboard irradiated samples.

Black-

spot was detected in the control by all judges at 7, 14 and
21

days, but was not reported in the irradiated samples at

any of the testing periods.

This confirmed the findings of

Novak and Fieger (39)f that irradiation immediately after
catching retards or prevents blackspotting.

No statistical

analysis was required because at 7, 14 and 21 days, the
irradiated product was preferred by each of the 1 2 panelists.
Tables 12 and 13 show results of organoleptic tests of
shrimp cocktail prepared with irradiated and non-irradiated
shrimp conducted at Fort Lee, Virginia using 1500 service
men as judges.

The average score for the control cocktail

using non-irradiated shrimp frozen immediately after catch
ing was 6.23 on a hedonic scale of 1-9, while the average
score of the cocktail prepared using shrimp irradiated at
200 Krad followed by 14 day iced-storage was 6.39.

It

should be noted that even without benefit of freezing, the
samples contawning the irradiated shrimp surpassed the
control in score.

TABLE 11
A Comparison of Organoleptic Scores On
Non-irradiated and Irradiated Shrimp
(200 Krad)a
Sample
Treatment

Score After Listed Storage Period
7 Days
Initial
14 Days
21 Days

Non-irradiated

9.8

7. 9b

6 .2 b

3. 9b

Irradiated

9.8

9.1

8.1

6.9

Ratings are averages for 12 individuals.
Values are averages for participants on taste panel for the
attributes of appearance, odor, flavor, and texture.
Code of Scores:
(9) No change from fresh product of highest quality.
(7) First noticeable slight change in attributes.
(5) Moderate degree of changed attribute:
increased in
intensity and occurrence from score of 7.
(3) Definite or strong degree of changed attribute.
(1) Extreme degree of changed attribute.
aNo statistical analysis was required because after 7, 14,
and 2 1 days the irradiated products were preferred
unanimously.
^Blackspot noted by all judges.

TABLE 12
Average Hedonic Ratings for Radiation-Pasteurized And
Non-irradiated Shrimp Cocktail
(By Company and Combined Across Companies)

Company

Irradiated
(200 Krad)
No. Men Average
Rating
Rating

Non-irradiated
N o . Men
Average
Rating
Rating

118

5.29

188

5.18

OCS - Co B

65

7.09

111

7.54

OCS - Co D

109

7.16

104

6.73

Total Participants

292

Hq Co Spec Troops

Overall Average

403
6.39

6.23

TABLE 13
Frequency Distribution of Ratings For Irradiated
And Non-irradiated Shrimp Cocktail
(By Company and Combined Across Companies)
HHCo, Sp Trps
200 Krad 0 Krada

Hedonic
Rating

Ocs, Co B
200 Krad 0 Krad

O C S , Co D
200 Krad 0 Krad

Total
200 Krad 0 Krad

9

11

18

18

32

14

18

43

68

8

12

32

16

44

46

29

74

105

7

22

25

12

17

24

20

58

62

6

19

19

5

4

9

13

33

36

5

16

28

8

7

7

11

31

46

4

9

13

3

2

5

3

17

18

3

4

5

0

2

2

4

6

11

2

8

11

2

2

2

3

12

16

1

17

37

1

1

0

3

18

41

118

188

65

111

109

104

292

403

5.29

5.18

7.54

7.16

6.73

6.39

6.23

Total
Average *5

f

7.09

aFrozen control.
i..
Values were significant at the 1% level.

CONCLUSIONS

Studies revealed that with proper design and construc
tion, a portable on-shipboard irradiator could be success
fully installed and operated aboard a medium size shrimp
trawler.

Operation required only two persons to handle the

cleaning, packaging, irradiation and storage operations.
Shrimp irradiated both on-shipboard and at dockside
proved higher in overall quality than non-irradiated pro
ducts as measured by chemical, physical, microbiological and
organoleptic studies.
Extension of storage life of shrimp appears to be
directly related to the rapidity with which they are irrad
iated after catching, i. e., the sooner the product is
irradiated after the catch, the longer the storage life.
A radiation dose level of 200 Krad was found to be
optimal for both on-shipboard irradiation and dockside
irradiation procedures.

It is always preferable to apply

the minimum effective treatment to any food product, and
while the 200 Krad level was superior to the 100 Krad level
in storage life extension of shrimp, the 300 Krad level
appeared to have no advantage in this criterion over the
200 Krad level.
Chemical tests

(indole, trimethylamine nitrogen and

ammonia nitrogen), microbiological studies

60

(total plate

counts), and physical and organoleptic testing for appear
ance, blackspot, flavor and texture were selected as rapid
and meaningful indices of shrimp quality.

The studies con

firmed that lack of blackspot is related to rapidity with
which the shrimp are irradiated after the catch.

This is

an important factor when sales appeal of shrimp are con
sidered.
Organoleptic studies at Fort Lee, Virginia showed that
shrimp irradiated at dockside, and stored in ice for 14
days were slightly higher in quality than the frozen con
trol stored for the same period.

Irradiated shrimp were

subsequently approved for use by the U.S. Army.
The irradiation of shrimp by on-shipboard and/or dock
side irradiation procedures is a safe operation, and could
be adapted to commercial applications with relative ease.
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